In order to improve the cycling performance of LiMn2O4, the spinel phases base and multiple cation doped LiMn1.95Al0.0125Si0.0125Ti0.0125Co0.0125O4, LiMn1.9Al0.025Si0.025Ti0.025Co0.025O4 spinels were synthesized by the glycinenitrate combustion process. The structures of the products were investigated by X-ray diraction, scanning electron microscopy and electrochemical tests.
Introduction
Spinel LiMn 2 O 4 has been extensively studied as the most promising cathode material for lithium-ion batteries because of its low cost, acceptable environmental characteristics, and good safety as compared to layered oxides such as LiCoO 2 and LiNiO 2 [13] . However, the capacity of LiMn 2 O 4 fades during cycling for several reasons, such as an instability of an organic-base electrolyte in a high potential region [4] , the dissolution of manganese into electrolyte [5, 6] , change in crystal lattice arrangement with cycling [7] , and others.
Much eort has been made by the international lithium battery community to minimize the capacity fading of spinel electrode. Two main approaches have been used to address this problem; partial substitution of manganese ions by tri, di or mono valent cations like [8] Al, Mg, Cr, Co and Li or coating the spinel particles with a protective layer such as LBO [8] , CaCO 3 [9] . Herein, we report the synthesis and characterization of multiple cation doping on electrochemical performance of LiMn 2 O 4 cathode active material.
Up to now, the most important factor seems to be the onset of the tetragonal distortion associated with the JahnTeller eect in deeply discharged LiMn 2 O 4 electrodes. To improve the stability, doping of the cubic LiMn 2 O 4 with iso-or aliovalent cations has been done [1013] . These dopants substitute manganese placed at the 16(d) octahedral position of the Fd3m space group and prevents the JahnTeller distortion in the 4 V plateau by increasing the average oxidation state of the manganese above +3.5. The eect of dopants (Me) on the electrochemical characteristics of the LiMe y Mn 2−y O 4 spinels has been very much studied.
Recent work has shown that, when the Mn concentration in the spinel material is reduced by the addition of appropriate dopants, improved cycling stability in the * corresponding author; e-mail: fatmainorg@hotmail.com 4 V range could be achieved [8] have shown that the substitution of M ions at the Mn site increases the average valence of Mn, and thus decreases the number of the JahnTeller Mn 3+ ions. [14] . Firstly, stoichiometric amounts of the raw materials were dissolved in distilled water,
, glycine (Merck) was added to the solution either as a solid or as a water solution. Its role was to serve both as a fuel for combustion and as a complexant to prevent inhomogeneous precipitation of individual components prior to combustion. Finally, nitric acid with the same mole of acetate anions was added to the solution. The molar ratio of glycine to nitrate was 1:4. The solution was heated continuously without any previous thermal dehydration. Afterwards the solution became transparent viscous gel which auto-ignited automatically, giving a voluminous, black, sponge-like ash product of combustion. The resulting ash was heated at 800
• C for 12 h. The phase identication and the evaluation of lattice parameters of the LiMn 2 O 4 and multiple cation doped samples powders were carried out by powder X-ray diraction (XRD) using copper Cu K α radiation (Bruker AXS D8). The particle morphology of the powders was examined by means of scanning electron microscopy (SEM) (LEO 440), operated at 20 kV.
The electrochemical studies were carried out in two--electrode teon cells. The cells were fabricated by using the synthesis samples as a cathode and lithium foil as anode. A glass ber separator soaked in electrolyte separated the two electrodes. The electrolyte consisted of 1 M solution of LiPF 6 dissolved in an ethylene carbon-(365)
, a slurry mixed with 85 wt% of cathode active material, 10 wt% of acetylene black conductor (Alfa Aesar) and 5 wt% of polyvinylidene uoride (PVDF, Fluka) binder in 1-methyl-2-pyrolidinone (NMP, Merck) was pasted on aluminum foil current collector with a diameter of 13 mm, followed by vacuum drying at 120
• C for overnight in a vacuum oven and uniaxial pressing between two at plates at 2 ton for 5 min. The electrode loading was about 4 mg of cathode active material. Chargedischarge tests were performed galvanostatically at a current rate of 1 C with cut-o voltages of 3.54.45 V (versus Li/Li + ) at room temperature in a multi-channel battery tester (VersaSTAT MC).
Result and discussion
The XRD patterns of all powders are presented in Fig. 1 SEM photographs of all powders are presented in Fig. 2 . The photographs show that the particle size becomes smaller and the size distribution becomes much narrower with substituting of metal ions for the Mn 3+ . Since electrochemical lithium intercalation and deintercalation are limited by the rate of diusion, the surface morphology and particle size distribution are the important factors for cycling performance of the Li ion batteries. Smaller grain size and narrower particle size distribution can favor the lithium ion mobility in the particles Fig. 2 . SEM photographs of (A) bare LiMn2O4, (B) LiMn1.95Al0.0125Si0.0125Ti0.0125Co0.0125O4, (C) LiMn1.9Al0.025Si0.025Ti0.025Co0.025O4.
by reducing the ion diusion pathway [15] . According to the scanning electron microscopy results it is apparent that samples have ne particles and homogeneous particle distribution (Fig. 2) . It is commonly accepted that good morphology and uniform particle size distribution are very important for both high specic capacity and good cycleability of the cathode material for lithium ion battery [16] . After 30 cycles, the discharge capacity of the LiMn 2 O 4 decayed to 99.9 and the loss of capacity was about 14.40%.
The discharge capac- 
Conclusions
In this study we reported that the eect of the multiple cation doped on electrochemical properties of LiMn 2 O 4 has been studied by using electrochemical tests and XRD, SEM, We observed that multiple cation substitution for Mn has a signicant eect on the electrochemical cycling performance. The Mn 3+ content decrease due to substitution of multiple metal ions on the LiMn 2 O 4 framework causes changes in the local ordering. It is clear from these results that the JahnTeller distortion in samples is suppressed by multiple metal ions. In addition, multiple metal ions enhance the stability of the octahedral sites in spinel skeleton structure because the bonding energy of the doped metal oxygen is stronger than that of MnO (402 kJ/mol) [17] .
